We show the Concept of a Series on a Hardy-Sobolev space and give its atomic decomposition. As an application of a Seriesfunctions we shown a div-curl lemma.
I. Introduction and Preliminaries
From [13] , the Hardy space 1 ℂ is the space of locally integrable series functions for which (3) = 0 The basic result about atoms is the following atomic decomposition theorem (see [3] and [9, 13] In this work, we investigate the space of in ′ ℂ whose gradient is in 1 ℂ , ℂ . We call it HardySobolev space and thus set 1,1 ℂ = ∈ Ɗ 1 ℂ :
(see [2, 13] for more information on a slight different Hardy-Sobolev space). We call a series functions ∈ 2 ℂ an 1 ℂ , ℂ -atom if there exists a ball in ℂ such that (1) supp ⊂ ; (2) 2 ≤ −1 2 , where denotes the radius of ; (3) is an 1 ℂ , ℂ -atom. It is easy to see that if is an 1,1 ℂ -atom, then ∈ 1,1 ℂ . Since is in 1,1 ℂ if and only if + is in 1,1 ℂ is a constant), we consider all a series functions + are same as . From [13] , as a main theorem of the work we show that any in 1,1 ℂ can be decomposed into a sum of 1,1 ℂ -atoms. As an application of the decomposition we show a div-curl lemma.
Throughout the work, unless otherwise specified, denotes a constant independent of seriesfunctions and domains related to the inequalities. Such may differ at different occurrences.
II. Atomic Decomposition
Lemma 1.If ∈ 1 ℂ , ℂ and curl = 0, then has a decomposition
where the ′ are 1 ℂ , ℂ -atoms satisfying curl = 0and
Proof. From [6, 13] , there exists a functions series : Where , = 1, … , , is the component of . From [5, 13] (see also [12] ), the series operators defined by that satisfies the moment condition. Since supp ⊂ and is supported in the unit ball, a simple computation shows thatsupp ⊂ . We next prove that has also the size condition. from [5] again, the sreies operators [1] ). The following lemma can be obtained from [11] .
Form [13] and the above lemma the main result of the work is the following atomic decomposition theorem. Lemma 2. Let Ωbe a bounded smooth contractible domain. If ∈ 3 Ω, ℂ with curl = 0and × Ω = 0, then there exists ∈ 0 1,2 Ω such that = and 1,2 Ω ≤ 3 Ω,ℂ , where the constant depends on the domain Ω . When Ωis a ball Ω, we have Combining this with ∈ ∞ ℂ , ℂ implies that . 1ℂ .
